Background-More than 750,000 people die of sudden death each year, and many are potential non-heart-beating donors (NHBDs) for lung transplant. Although critical, the role of emergency medical services (EMS) personnel in assisting with recovery of NHBD lungs has not been studied. The purpose of this study was to assess knowledge of and attitudes about NHBDs among EMS personnel, evaluate the extent to which knowledge and personal experience with organ donation is associated with attitude, and ascertain the effectiveness of an intervention designed to teach EMS professionals about NHBDs.
At a conference in Maastricht, Netherlands, in 1995, NHBDs were categorized according to where death occurs, which is a surrogate for ischemic time after circulatory arrest. 5 Category I donors die outside of hospital, or "in the field." Category II donors die in a hospital (emergency department, intensive care unit, or floor). Category III NHBDs do not meet criteria for brain death but are judged to have an irreversible severe brain injury. If life support is withdrawn, many of these individuals progress to circulatory arrest and death. If consent is obtained, these Category III NHBDs-DCDs-are providing increasing numbers of kidneys, livers, and lungs for transplant, but the number of DCDs is very small. Category I and II NHBDs are a large potential source of tissue and corneal donors.
In the wake of increasing use of Category III NHBDs, this classification was revised so that donation after circulatory determination of death (DCDD) was subdivided into controlled DCDDs-formerly Maastricht Category III-and uncontrolled DCDDs, which unfortunately, combines Maastricht Category I and II NHBDs. 6 Because design of our questionnaire began before this revision, we used the term NHBD and the Maastricht Categories in this project.
Egan et al 7, 8 were was the first to demonstrate the feasibility of transplantation of lungs retrieved hours after death from Category I NHBDs. This was based on the notion that lung tissue lives for hours after death because it does not rely on perfusion for cellular respiration. 9 Steen et al 10 performed the first human lung transplant from a Category II NHBD after ex vivo lung perfusion (EVLP) and determined the lung functioned well, even though it was retrieved hours after death. Although interest in using EVLP to evaluate lungs from HBDs and DCDs is growing, 11, 12 the potential to substantially increase the lung donor pool is limited by the number of these donors. EVLP of NHBD lungs has potential to dramatically improve the number of lungs for transplant. Varela et al 13 began to transplant lungs from Category I NHBDs and recently began to use EVLP to evaluate lungs from NHBDs. 14 Mateos Rodriguez et al 15 reported the transfer of 160 NHBDs to a transplant hospital in Madrid between 2005 and 2010. From these 160 deceased donors, 13 doublelung and 7 single-lung transplants were performed. Survival was 90% at 30 days. They noted the critical importance of involving EMS personnel in the process of obtaining organs from NHBDs for transplant.
In a prior project directed at retrieving lungs from Category I NHBDs to assess transplant suitability, 16 we encountered challenges in engaging EMS personnel in identifying potential donors and interacting with next-of-kin at the scene of a sudden death. We hypothesized this was related to lack of knowledge about the process of organ and tissue donation and the potential benefit of transplant. However, the role of EMS personnel in NHBD organ and tissue donation has not been studied. We sought to (1) assess knowledge of and attitudes about NHBD organ and tissue donation among EMS personnel, (2) evaluate the extent to which knowledge and personal experience with organ donation was associated with attitude, and (3) ascertain the effectiveness of an educational intervention designed to teach EMS professionals about organ donation, transplantation, and NHBDs.
Methods
The University of North Carolina at Chapel Hill (UNC) Institutional Review Board (IRB) (study #09-1292) and the New Hanover Medical Center IRB (study #1011-7), in Wilmington, NC, approved this study protocol. Ethical guidelines for protection of human subjects were followed.
Participants
Directors of 5 North Carolina county EMS programs agreed to participate in this study. A representative sample was recruited by sampling participants at rural (Person, Alamance) and urban (Orange, Wake, New Hanover) county EMS centers, defined by demographic reports from the North Carolina Department of Commerce. 17 A total of 361 North Carolina EMS professionals participated in the study.
Procedure
Participants were informed that their participation in the study was voluntary. They were then given consent forms, educated about the study's purpose and aims, and allowed to ask questions before providing informed consent. We distributed paper-and-pencil questionnaires for consented participants. Twelve participants (3%) took questionnaire packets but did not complete them. Ample time was given to participants to complete the questionnaires. Questionnaires were distributed repeatedly at scheduled meetings of EMS personnel so that all shifts could participate.
After all participants had completed the questionnaires, Dr Egan or Dr Noone gave an hourlong PowerPoint (Microsoft, Redmond, WA) presentation about organ donation, transplant (focused on lungs), and NHBDs. They answered audience questions throughout and after each presentation. The interactive live lecture format was chosen because it was shown to be as effective or more effective than Web-based instruction. 18 To assess retention of knowledge gained, the questionnaire was distributed again to the EMS participants 3 months after the presentation. The 3-month post-lecture assessment was based on research that showed a decrease in knowledge at 3 months, with no further erosion of knowledge at a 6-month follow-up. 18 
Measures
Information about basic demographics of the participants, personal and professional experience with transplant, and years of EMS work experience was collected. The NHBD Knowledge Questionnaire was designed to assess participants' knowledge of NHBDs in transplant. Questionnaire items were developed by Dr Egan, an expert in lung transplantation and NHBDs. After he created the items, Dr Burker compiled the measure and then consulted with Teresa Edwards, an expert in scale measurement at UNC's Odum Institute for Research in Social Science; Ms Edwards' edits were incorporated into the questionnaire. The resulting Knowledge Questionnaire included 13 items (sample item: "Non-heart-beating donor refers to an individual who has sustained a cardiac arrest and has died"). Participants were asked to rate items as true or false.
Dr Burker created items to assess participants' attitudes toward NHBDs, and Ms Edwards reviewed these items. The resulting NHBD Attitudes Survey included 4 items, rated on a 5-point Likert scale (sample item: "How comfortable do you feel with being part of the process of NHBD?"). Scores ranged from 1 to 5, with higher scores reflecting more positive attitudes toward NHBDs.
Attitudes toward traditional organ donation were assessed by using the Organ Donation Attitudes Survey (ODAS). 19 The ODAS consists of 20 items, rated on a 4-point Likert scale from 1 (strongly disagree) to 4 (strongly agree). Total scores can range from 18 to 72, with higher scores indicating a more positive attitude toward organ donation (sample item: "I support organ donation").
Data preparation and analysis
Data were entered in an SPSS 18 (SPSS Inc, Chicago, IL) database 20 by 2 UNC Rehabilitation Psychology graduate students. The entire database was rechecked for accuracy; 1 graduate student entered data, and then 2 graduate students sat side-by-side and checked the data entry. We examined all variables for missing data and examined all variables for normality, skewness, and kurtosis. Data analyses were conducted using SPSS 18 software. 20 Descriptive statistics and multiple regression analyses were conducted. To examine group differences, t-tests and analysis of variance were used for normally distributed variables; non-parametric Mann-Whitney tests were used on non-normally distributed data. The significance level (α) was set at p < .05 for all analyses.
Results

Sample description
The total sample included 361 EMS professionals (70.3% male), with a mean age of 36.9 (standard deviation [SD], 9.47) years (range, 21-66 years). At baseline, 312 (86.4%) were employed in urban settings, and 49 (13.6%) were employed in rural settings. At the followup assessment, the urban sample constituted 69.9% (n = 65) of the entire sample and the rural sample accounted for 30.1% (n = 28). Participants worked in the EMS field a mean of 13.1 (SD, 8.6) years. Participants' EMS jobs were: Emergency Medical Technician (EMT)-Paramedic (71%), Paramedic (22%), EMT-Basic (3%), and District Chief (5%). Participants were permitted to select all responses that applied, so the sum of percentages exceeds 100%. Of those who responded, 30.8% reported knowing a living donor, 31.3% knew a postmortem donor, and 41.3% reported knowing an organ recipient (more than 1 response was permitted). Table 1 presents age, gender, race/ethnicity, and educational levels of the overall sample. No significant differences in race/ethnicity or level of education were found between women and men, but the women were significantly younger than the men (p = . 009). Table 2 reports attitudes toward traditional and NHBD, EMS work experience, and organ donation experience of the complete sample and by gender. Because these data were not normally distributed, differences in gender were examined through Mann-Whitney nonparametric analyses of independent samples. There were no gender differences in attitudes in traditional or NHBD organ donation or of NHBD knowledge. The number of years working in EMS (average, 4 years) differed significantly when men and women (p = .001) were compared. Men reported significantly more years serving as an EMT-Paramedic (p = . 003). There were no significant differences in organ donation experience between female and male participants, except for a higher percentage of men reported knowing a living donor than women.
NHBD knowledge
Descriptive statistics for the NHBD Knowledge Scale are presented in Table 3 and reflect a wide range of correct answers on the 13 items. The mean number of correct responses was 8.32 (SD, 1.60). There were no significant differences on the NHBD Knowledge Scale between female and male participants (Table 2) or between urban (mean, 8.38; SD, 1.60) and rural participants (mean, 7.87, SD, 1.50). Results of the NHBD Knowledge Scale indicated that EMS professionals in this sample showed a significant lack of knowledge about NHBD in transplant. Correct responses ranged from 13% on the item "The lung relies on perfusion for oxygen delivery and cellular respiration" to 94% on the items "People who experience sudden death at the scene, in transit, or in emergency rooms are potential nonheart-beating donors," and "50,000 corneal transplants are performed in the U.S. each year from non-heart-beating donors."
When examining individual participant's composite scores on this 13-item scale, 54% of the sample answered at least 8 questions correctly and only 8.3% answered at least 10 answers correctly. Only 1 of the 361 participants was able to provide correct answers to all of the items. Examining individual scale items revealed that only 4 of the 13 items were correctly answered by more than 90% of the baseline sample. Seven of the 13 items were correctly answered by less than 69% of the participants.
NHBD attitudes
Descriptive statistics for the NHBD Attitudes Survey are presented in Table 2 . We used the generally assumed statistic standard for acceptable internal consistency of Cronbach α 21 greater than 0.70. 22 The NHBD Attitudes Survey Cronbach α = 0.79 exceeded the internal consistency norm, demonstrating acceptable internal consistency. Participants' mean ratings on the 4 questions were 11.66 (SD, 3.77) of a possible total score of 20. Participants indicated the least positive attitudes toward item 3: "How skilled do you feel in being part of NHBD process" (mean, 2.34; SD, 1.17); whereas item 1, "How comfortable do you feel with discussing death/dying with family member of NHBD," received the highest mean ratings (mean, 3.26; SD, 1.21). Rural participants' mean scores on the NHBD Attitude Survey (mean, 9.38; SD, 3.07) were significantly different from those of urban participants (mean, 12.02; SD, 3.76; p < 0.001).
Organ donation attitudes
The ODAS was the final measure in the survey and had the overall lowest response rate (n = 242). Descriptive statistics for the ODAS are in Table 2 . Answers to specific questions are in Table 4 . Participants' mean score for the total scale was 61.62 (SD, 6.60) of a possible score of 72, indicating that EMS professionals in this sample reported highly positive attitudes toward traditional organ donation. The participants in this sample rated all but 1 item as 3 or above (on a scale from 1 to 4, with 4 indicating strong agreement). Interestingly, the item that received the lowest agreement (mean, 2.23; SD, 0.76) measured knowledge of organ donation rather than attitudes (item 3: "I am knowledgeable about organ procurement and the organ procurement process"). Similarly to the NHBD Attitude Scale, rural (mean, 57.93; SD, 6.73) and urban (mean, 62.351 SD, 6.34) participants also exhibited a significant difference on mean scores on the ODAS (p = 0.001).
Regression analyses
No significant predictors of NHBD knowledge emerged in multiple regression analysis. A second multiple regression analysis examining attitudes toward traditional organ donation, as measured by the ODAS scale, revealed several predictive relationships. Demographic variables, years in the EMS field, and experience with organ donation were entered into the regression as independent variables and significantly predicted attitudes toward traditional organ donation (p < 0.001). Table 5 reports regression statistics. Identifying as a donor on one's driver's license (p < 0.001), knowing someone who has received a transplant (p = 0.009), and knowing a person who was a donor after death (p = 0.035) emerged as significant predictors of positive attitudes toward traditional organ donation. Table 6 reports multiple regression analysis statistics of attitudes toward NHBD as predicted by demographics variables, EMS experience, and experience with organ donation. Independent variables significantly predicted attitudes toward NHBDs in transplantation (p < 0.001). Significant predictors included male gender (p = 0.044), identifying as an organ donor on one's driver's license (p < 0.001), and knowing a live organ donor (p = 0.008).
Post-intervention sample
Across all 5 counties, 93 EMS professionals completed the questionnaires at the 3-month follow-up after the educational intervention. These individuals were 69.6% male, with mean age of 37.9 years (SD, 9.52; range 23-60 years), and 69.9% (n = 65) of the sample was urban. These participants worked in the EMS field a mean of 13.5 years (SD, 8.5). Jobs reported were: EMT-Paramedic (78%), Paramedic (23.9%), EMT-Basic (4.3%), and District Chief (4.3%). There were no statistical differences in demographic characteristics between the group who completed the pre-intervention measures and the group who completed the post-intervention measures. Table 3 reports the NHBD Knowledge questionnaire item scores at follow-up. Similar to Tl, a comparison of post-intervention NHBD Knowledge scores for urban (mean, 9.66; SD, 1.650) and rural (mean, 8.83; SD, 1.90) did not yield statistically significant differences. However, total scores on the NHBD Knowledge questionnaire did improve after the intervention, reaching statistical significance, with a mean of 8.32 (SD, 1.60) at baseline vs 9.40 (SD, 1.76) at follow-up (p < 0.001). Several significant effects were revealed when item scores on our NHBD Knowledge questionnaire at baseline were compared with scores at follow-up. Follow-up participants had significantly higher scores on items 2 ("The lung relies on perfusion for oxygen delivery and cellular respiration"), 3 ("Lung tissues remain viable for substantial periods of time after circulatory arrest"), 5 ("Non-heart beating individuals are generally not considered candidates for organ donation for transplant"), 8 ("Many brain-dead donors have severe lung infection or pulmonary edema, often making lungs unsuitable for transplant"), and 12 ("Lungs retrieved from non-heart beating donors must be transplanted within 60 minutes").
Post-educational intervention effects: NHBD knowledge
However, knowledge was still not optimal despite this improvement. For example, although the post-intervention score significantly improved on item 2 ("The lung relies on perfusion for oxygen delivery and cellular respiration"), only 38% answered correctly. Including item 2, the percent correct was at or below 69% for 5 items.
Post-educational intervention effects: Attitude
There were no significant post-intervention effects on ODAS. However, scores on the NHBD Attitude Scale were statistically lower after the educational intervention; participants indicated that they were less comfortable with the NHBD process at follow-up than at baseline. The mean attitude score pre-intervention was 11.66 (SD, 3.77) and 3 months postintervention was 10.51 (SD, 3.47; p = 0.012), where a higher score reflects more comfort with NHBD. Interestingly, although attitude and knowledge scores were not correlated preintervention, post-intervention attitude scores and knowledge scores were significantly positively correlated (r = 0.354, p = 0.002), where higher levels of knowledge were associated with feeling more comfortable with NHBD. 
Discussion
We determined that EMS professionals had a relatively high rate of personal experience with organ donation: 30.8% knew a living donor, 31.3% knew a post-mortem donor, and 41.3% knew an organ recipient. Consistent with this experience with organ donation, these EMS professionals as a group expressed highly positive attitudes toward traditional organ donation. Identifying as a donor on one's driver's license, knowing a transplant recipient, and knowing someone who was a donor after death were associated with a positive attitude toward traditional organ donation. There were statistically significant differences at baseline and follow-up between rural and urban participants for attitudes toward organ donation, with urban EMS professionals having significantly more positive attitudes toward traditional organ donation and NHBD.
Although they had fairly extensive personal experience and a positive attitude toward organ donation, EMS professionals showed a lack of knowledge about NHBD in transplantation. Only 4 of 13 items had percentage correct scores above 90%, and only 1 participant of 361 correctly answered all the items. The lack of knowledge is not surprising, because although EMS personnel reported extensive work and personal experience with traditional organ donation, experience with NHBD in America is still a rarity. These results indicate the areas of improvement needed in educational interventions aimed at EMS professionals.
The educational intervention was somewhat effective in improving knowledge about the potential of NHBDs. Overall scores improved, and when individual items were assessed, scores improved significantly on 5 of 13 items. However, several of these items received the lowest correct scores at baseline, so it is not surprising that the follow-up sample exhibited higher scores. In fact, these findings may be attributed to the follow-up sample gravitating to the mean. On the other hand, the baseline sample correctly answered items 3 and 12 at 68% and 61% respectively, leaving marginal room for improvement. Of note, both items of marked improvement pertained to timing of lung transplantation. However, knowledge of NHBD was not mastered; the percentage correct was at or below 69% for 5 of 13 knowledge items at post-test. This may be because the educational presentation covered several areas (lung transplant, organ donation, NHBDs). Perhaps future interventions should focus solely on NHBDs.
On a measure of attitude toward NHBDs, participants indicated that they felt less skilled and least comfortable with their skill level in being part of the NHBD process, which is consistent with their knowledge scores. This suggests they are aware of their limitations in this area. Even the item that had the highest score (degree of comfort in discussing death/ dying with family member of NHBDs) was rated at only "somewhat comfortable." At baseline, being male, identifying as an organ donor on one's driver's license, and knowing a live organ donor were associated with a more positive attitude toward NHBDs. These findings suggests that EMS professionals involved in this study did not have a strong knowledge base about NHBDs and perhaps for that reason were not comfortable with the NHBD process.
Interestingly, attitude or level of comfort with NHBDs significantly decreased 3 months after the educational intervention. This may be because the follow-up sample was smaller, more dedicated, and possibly more insightful of their knowledge deficits. Although knowledge increased, it was not mastered, and perhaps participants did not feel comfortable with being part of the NHBD process. Our data support this interpretation. Knowledge about NHBDs and attitude toward NHBDs were associated 3 months post-intervention, where participants with higher knowledge scores were more comfortable with NHBDs.
Future research needs to evaluate alternative educational presentations to determine the best way to increase knowledge and to ascertain whether increased knowledge leads to a more positive attitude toward NHBDs. Given that EMS professionals from rural settings endorsed less positive attitudes toward NHBD before and after the intervention, future research needs to focus on how to reach these individuals in particular. However, rural areas may not be a large source of NHBDs.
Our study has some limitations. Although an expert in questionnaire design vetted the questions, we did not involve EMS personnel in design of the questions or the educational intervention, nor did we beta-test the questions or the educational intervention. In essence, this study informs us that the educational tool needs to be improved to address the relatively low effect of the educational intervention.
The lower post-intervention response rate may suggest low commitment to the survey, respondent fatigue, or inadequate amount of time to complete the survey. Although we assumed that adequate time was provided to complete the survey-participants were asked if they had completed the survey before they were collected-the fact that the ODAS was the final measure in the survey and had the overall lowest response rate could suggest that some respondents ran out of time to complete the survey but did not want to disclose that they had not finished. Respondent fatigue or low effort is another explanation. If this is the case, then this could suggest that the most committed individuals, and arguably the most sympathetic, knowledgeable, and supportive of the organ donation process, completed the ODAS and thus may have inflated the attitude toward transplant scores of the sample.
We initially intended to match pre-intervention and post-intervention questionnaires, but this might have compromised anonymity, a prerequisite for participation by our IRB. We were disappointed at the low rate of response to the post-intervention questionnaires, but appreciate that EMS professionals are busy and that supervisors did not wish to administer the post-intervention questionnaires at scheduled meetings. It is possible that more motivated/knowledgeable individuals participated in the follow-up questionnaire. Improved participation might occur if incentives were offered. Although we did not use current nomenclature (uncomplicated DCDDs), the term "non-heart-beating donor" was in use when the survey was designed and is easy to understand. These are all lessons that can be applied to future knowledge assessments and educational tools directed at EMS and other stakeholders in the process of lung recovery from NHBDs.
There were unanticipated benefits of the educational presentation and the discussions that followed it. Often in dialogue afterward, EMS personnel mentioned other potential obstacles to organ donation after sudden death. We learned more about the logistics of rapid transportation of recently deceased individuals. We also learned that most EMS staff were not interested in approaching next-of-kin about donation but were very willing to inform organ procurement organizations about potential NHBDs. Trained organ procurement organizations staff should obtain consent for donation, 23 and then they could obtain a detailed medical/social history while the body is in transit. Some EMS staff enthusiastically volunteered to participate in some way. The positive response in Wake County set the stage for a pilot program that allowed for assessment of lungs from 2 Category I NHBDs.
There is a critical shortage of organs for transplant. Category I NHBDs may be a source of a large number of lung donors. An article that describes the creation of a protocol for DCDD in New York city noted that EMS personnel are understandably the first step in the process. 24 Ascertaining EMS knowledge of and attitudes about organ and tissue donation will help determine how to address knowledge gaps and misconceptions about donation as well as the benefits to individuals and society as a whole, to maximize EMS collaboration, and ultimately, increase organ and tissue donation. Thus, this project addresses an unrecognized need. Learning the best ways to engage EMS personnel in the NHBD process may ultimately increase the likelihood of lung donation from NHBDs and enhance tissue donation rates.
Lung recovery from Category I NHBDs offers potential of a very large supply for transplantation; EMS professionals need to be part of the team. This research suggests they may be willing to do so with additional training about NHBDs. 
